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(57) ABSTRACT 
TNO. e InVention relates to a method for producing polymerS, (21) Appl. N 10/455,369 The i 1 hod for producing poly 

in particular Synthetic nucleic acid double Strands of 
optional Sequence, comprising the Steps: 

(22) Filed: Jun. 6, 2003 (a) provision of a Support having a Surface area which 
Related U.S. Application Data contains a plurality of individual reaction areas, 

(b) location-resolved Synthesis of nucleic acid fragments 
(62) Division of application No. 09/869,332, filed on Jul. having in each case different base Sequences in Several 

26, 2001, now Pat. No. 6,586,211, filed as 371 of 
international application No. PCT/EP00/01356, filed 
on Feb. 18, 2000. 

of the individual reaction areas, and 
(c) detachment of the nucleic acid fragments from indi 

vidual reaction areas. 
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METHOD FOR PRODUCING POLYMERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a division of application 
Ser. No. 09/869,332 filed on Jul. 26, 2001, which in turn is 
a national stage filing under 35 U.S.C. S371 of PCT/EP00/ 
01356 filed on Feb. 18, 2000, which claims priority to 
German patent application No. 19957 116.3 filed on Nov. 
26, 1999, International patent application No. PCT/EP99/ 
06316 filed on Aug. 27, 1999, German patent application 
No. 199 40 752.5 filed on Aug. 27, 1999, German patent 
application No. 19928 843.7 filed on Jun. 24, 1999 and 
German patent application No. 19907 080.6 filed on Feb. 
19, 1999. 

DESCRIPTION 

0002 The invention relates to a method for producing 
polymers, in particular Synthetic nucleic acid double Strands 
of optional Sequence. 

TECHNICAL BACKGROUND OF THE 
INVENTION 

0003. Manipulation and construction of genetic elements 
Such as, for example, gene fragments, whole genes or 
regulatory regions through the development of DNA recom 
bination technology, which is often also referred to as 
genetic engineering, led to a particular need for genetic 
engineering methods and further development thereof in the 
areas of gene therapy, molecular medicine (basic research, 
vector development, vaccines, regeneration, etc.). Important 
areas of application are also the development of active 
Substances, production of active Substances in the context of 
the development of pharmaceuticals, combinatorial biosyn 
thesis (antibodies, effectorS Such as growth factors, neural 
transmitters, etc.), biotechnology (e.g. enzyme design, 
pharming, biological production methods, bioreactors, etc.), 
diagnostics (BioChips, receptorS/antibodies, enzyme design, 
etc.) and environmental technology (specialized or custom 
microorganisms, production processes, cleaning-up, Sen 
Sors, etc.). 

PRIOR ART 

0004 Numerous methods, first and foremost enzyme 
based methods, allow specific manipulation of DNA for 
different purposes. 
0005 All of said methods have to use available genetic 
material. Said material is, on the one hand, well-defined to 
a large extent but allows, on the other hand, in a kind of 
“construction kit System' only a limited amount of possible 
combinations of the particular available and Slightly modi 
fied elements. 

0006. In this connection, completely synthetic DNA has 
So far played only a minor part in the form of one of these 
combinatorial elements, with the aid of which specific 
modifications of the available genetic material are possible. 
0007. The known methods share the large amount of 
work required, combined with a certain duration of appro 
priate operations, Since the Stages of molecular biological 
and in particular genetic experiments Such as DNA isolation, 
manipulation, transfer into Suitable target cells, propagation, 
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renewed isolation, etc. usually have to be repeated Several 
times. Many of the operations which come up can only 
insufficiently be automated and accelerated So that the 
corresponding work remains time-consuming and labor 
intensive. For the isolation of genes, which must precede 
functional Study and characterization of the gene product, 
the flow of information is in most cases from isolated RNA 
(mRNA) via cDNA and appropriate gene libraries via com 
plicated Screening methods to a single clone. The desired 
DNA which has been cloned in said clone is frequently 
incomplete, So that further Screening processes follow. 
0008 Finally, the above-described recombination of 
DNA fragments has only limited flexibility and allows, 
together with the described amount of work required, only 
few opportunities for optimization. In View of the variety 
and complexity in genetics, functional genomics and pro 
teomics, i.e. the Study of gene product actions, Such opti 
mizations in particular are a bottleneck for the further 
development of modern biology. 
0009. A common method is recombination by enzymatic 
methods (in vitro): here, DNA elements (isolated genomic 
DNA, plasmids, amplicons, Viral or bacterial genomes, 
vectors) are first cut into fragments with defined ends by 
appropriate restriction enzymes. Depending on the compo 
Sition of these ends, it is possible to recombine the fragments 
formed and to link them to form larger DNA elements 
(likewise enzymatically). For DNA propagation purposes, 
this is frequently carried out in a plasmid acting as cloning 
VectOr. 

0010. The recombinant DNA normally has to be propa 
gated clonally in Suitable organisms (cloning) and, after this 
time-consuming Step and isolation by appropriate methods, 
is again available for manipulations Such as, for example, 
recombinations. However, the restriction enzyme cleavage 
Sites are a limiting factor in this method: each enzyme 
recognizes a specific sequence on the (double-stranded) 
DNA, which is between three and twelve nucleotide bases in 
length, depending on the particular enzyme, and therefore, 
according to Statistical distribution, a particular number of 
cleavage Sites at which the DNA Strand is cut is present on 
each DNA element. Cutting the treated DNA into defined 
fragments, which can Subsequently be combined to give the 
desired Sequence, is important for recombination. Suffi 
ciently different and Specific enzymes are available for 
recombination technology up to a limit of 10-30 kilo base 
pairs (kbp) of the DNA to be cut. In addition, preliminary 
work and commercial Suppliers provide corresponding vec 
tors which take up the recombinant DNA and allow cloning 
(and thus propagation and Selection). Such vectors contain 
Suitable cleavage Sites for efficient recombination and inte 
gration. 
0011. With increasing length of the manipulated DNA, 
however, the rules of Statistics give rise to the problem of 
multiple and unwanted cleavage Sites. The Statistical aver 
age for an enzyme recognition Sequence of 6 nucleotide 
bases is one cleavage Site per 4000 base pairs (46) and for 
8 nucleotide bases it is one cleavage site per 65,000 (48) 
Recombination using restriction enzymes therefore is not 
particularly Suitable for manipulating relatively large DNA 
elements (e.g. viral genomes, chromosomes, etc.). 
0012 Recombination by homologous recombination in 
cells is known, too. Here, if identical Sequence Sections are 
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present on the elements to be recombined, it is possible to 
newly assemble and manipulate relatively large DNA ele 
ments by way of the natural process of homologous recom 
bination. These recombination events are Substantially more 
indirect than in the case of the restriction enzyme method 
and, moreover, more difficult to control. They often give 
distinctly poorer yields than the above-described recombi 
nation using restriction enzymes. 
0013 A second substantial disadvantage is restriction to 
the identical Sequence Sections mentioned which, on the one 
hand, have to be present in the first place and, on the other 
hand, are very Specific for the particular System. The Specific 
introduction of appropriate Sequences itself then causes 
considerable difficulties. 

0.014) An additional well-known method is the poly 
merase chain reaction (PCR) which allows enzymatic DNA 
Synthesis (including high multiplication) due to the border 
ing regions of the Section to be multiplied indicating a DNA 
replication Start by means of Short, completely Synthetic 
DNA oligomers (“primers”). For this purpose, however, 
these flanking regions must be known and be specific for the 
region lying in between. When replicating the Strand, how 
ever, polymerases also incorporate wrong nucleotides, with 
a frequency depending on the particular enzyme, So that 
there is always the danger of a certain distortion of the 
Starting Sequence. For Some applications, this gradual dis 
tortion can be very disturbing. During chemical Synthesis, 
Sequences Such as, for example, the above-described restric 
tion cleavage Sites can be incorporated into the primers. This 
allows (limited) manipulation of the complete sequence. The 
multiplied region can now be in the region of approx. 30 
kbp, but most of this DNA molecule is the copy of a DNA 
already present. 

0.015 The primers are prepared using automated Solid 
phase Synthesis and are widely available, but the configu 
ration of all automatic Synthesizers known to date leads to 
the production of amounts of primer DNA (umol-range 
reaction mixtures) which are too large and not required for 
PCR, while the variety in variants remains limited. 
0016 Synthetic DNA Elements 
0017. Since the pioneering work of Khorana (interalia in: 
Shabarova: Advanced Organic Chemistry of Nucleic Acids, 
VCH Weinheim;) in the 1960s, approaches in order to 
assemble double-stranded DNA with genetic or coding 
Sequences from chemically Synthesized DNA molecules 
have repeatedly been described. State of the art here is 
genetic elements of up to approx. 2 kbp in length which are 
Synthesized from nucleic acids. Chemical Solid phase Syn 
thesis of nucleic acids and peptides has been automated. 
Appropriate methods and devices have been described, for 
example, in U.S. Pat. Nos. 4,353.989 and 5,112,575. 
0018) Double-stranded DNA is synthesized from short 
oligonucleotides according to two methods (see 
Holowachuk et al., PCR Methods and Applications, Cold 
Spring Harbor Laboratory Press): on the one hand, the 
complete double Strand is Synthesized by Synthesizing 
Single-stranded nucleic acids (with Suitable Sequence), 
attaching complementary regions by hybridization and link 
ing the molecular backbone by, for example, ligase. On the 
other hand, there is also the possibility of Synthesizing 
regions overlapping at the edges as Single-Stranded nucleic 
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acids, attachment by hybridization, filling in the Single 
Stranded regions via enzymes (polymerases) and linking the 
backbone. 

0019. In both methods, the total length of the genetic 
element is restricted to only a few thousand nucleotide bases 
due to, on the one hand, the expenditure and production 
costs of nucleic acids in macroscopic column synthesis and, 
on the other hand, the logistics of nucleic acids being 
prepared Separately in macroscopic column Synthesis and 
then combined. Thus, the same Size range as in DNA 
recombination technology is covered. 

0020. To Summarize, the prior art can be described as a 
procedure in which, in analogy to logical operations, the 
available matter (in this case genetic material in the form of 
nucleic acids) is studied and combined (recombination). The 
result of recombination experiments of this kind is then 
Studied and allows conclusions, inter alia about the elements 
employed and their combined effect. The procedure may 
therefore be described as (Selectively) analytical and com 
binatorial. 

0021. The prior art thus does not allow any systematic 
Studies of any combinations whatsoever. The modification 
of the combined elements is almost impossible. Systematic 
testing of modifications is impossible. 

0022. Subject of the Invention and Object Achieved 
Therewith 

0023. It is intended to provide a method for directly 
converting digital genetic information (target Sequence, 
databases, etc.) into biochemical genetic information 
(nucleic acids) without making use of nucleic acid fragments 
already present. 

0024. The invention therefore relates to a method for 
producing polymers, in which a plurality of oligomeric 
building blockS is Synthesized on a Support by parallel 
Synthesis Steps, is detached from the Support and is brought 
into contact with one another to Synthesize the polymer. 
Preference is given to Synthesizing double-Stranded nucleic 
acid polymers of at least 300 bp, in particular at least 1000 
bp in length. The nucleic acid polymers are preferably 
Selected from genes, gene clusters, chromosomes, viral and 
bacterial genomes or Sections thereof. The oligomeric build 
ing blocks used for Synthesizing the polymer are preferably 
5-150, particularly preferably 5-30, monomer units in 
length. In Successive Steps, it is possible to detach in each 
case partially complementary oligonucleotide building 
blocks from the Support and to bring them into contact with 
one another or with the polymer intermediate under hybrid 
ization conditions. Further examples of Suitable polymers 
are nucleic acid analogs and proteins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 shows a vertical section of a reaction 
support 30 which is orthogonal to the microchannels 33 
present thereon, which are Separated from one another by 
walls 32. The bottom 31 of the reaction Support is transpar 
ent. Furthermore, a single-stranded nucleic acid 10 with the 
designation of the 5' and 3' ends according to convention is 
depicted diagrammatically. These are depicted as 10a with 
the 3' end covalently bound to the reaction Support 30 by 
Solid-phase Synthesis. A light Source matrix 20 with a light 
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Source and a controllable illumination exit facing the reac 
tion Support 30 is likewise depicted. 
0026 FIG. 2 shows a top view of reaction support 30 
with reaction areas 12 and the walls 32 between the micro 
channels 33. The arrows indicate the direction of flow. 

0027 FIG.3 shows, similar to FIG. 1, a vertical section 
through the reaction Support 30, with the Single-Stranded 
nucleic acids in the microchannel 33 being detached. 
0028 FIG. 4 again depicts a top view of the reaction 
Support 30, with the Single-Stranded nucleic acids in the 
microchannel 33 being detached. 
0029 FIG. 5 shows a top view of the arrangement of 
microchannels with fluidic reaction spaces 50, which con 
tain the individual reaction areas, and reaction chambers, 
where a part Sequence is assembled. In the reaction Space 54 
all microchannels within a reaction Support are brought 
together. The final Synthesis product is assembled there, too, 
and is removed through exit 55. The reference numbers 51a 
and 51b indicate the representations of a reaction chamber 
which are shown in enlarged form in FIG. 6 and FIG. 7 and 
FIG.8. The arrows again signal the direction of flow. 
0030 FIG. 6 shows an enlarged representation of a 
reaction chamber 51a after a microchannel with detached 
Single-Stranded nucleic acids. 
0.031 FIG. 7 shows an enlarged representation of a 
reaction chamber 51a after a microchannel with a double 
stranded hybrid 60 composed of two attached complemen 
tary nucleic acid Single Strands. 
0.032 FIG. 8 shows an enlarged representation of a 
reaction chamber 51b after bringing together two micro 
channels with an assembled double-Stranded nucleic acid 
hybrid 62, enzyme 63 (e.g. ligases) for the covalent linkage 
of the building blocks of the nucleic acid hybrid 85, a linear 
covalently linked nucleic acid double strand 65 and a 
circular closed nucleic acid double Strand 66 (e.g. vector). 
0033. The reference number 64 represents a reaction of 
the enzymes with the nucleic acid hybrid. 

DESCRIPTION OF THE INVENTION 

0034. In a particularly preferred embodiment, the inven 
tion relates to a method for producing synthetic DNA of any 
optional Sequence and thus any known or novel functional 
genetic elements which are contained in Said Sequence. This 
method comprises the StepS 

0035) (a) provision of a support having a surface area 
which contains a plurality of individual reaction areas, 

0036) (b) location-resolved synthesis of nucleic acid 
fragments having in each case different base Sequences 
in Several of the individual reaction areas, and 

0037 (c) detachment of the nucleic acid fragments 
from individual reaction areas. 

0.038. The base sequences of the nucleic acid fragments 
Synthesized in individual reaction areas are preferably cho 
Sen Such that they can assemble to form a nucleic acid 
double strand hybrid. The nucleic acid fragments can then be 
detached in Step (c) in one or more steps under conditions 
Such that a plurality, i.e. at least Some of the detached nucleic 
acid fragments assemble to form a nucleic acid double 
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Strand hybrid. Subsequently, the nucleic acid fragments 
forming one Strand of the nucleic acid double Strand hybrid 
can at least partially be linked covalently to one another. 
This may be carried out by enzymatic treatment, for example 
using ligase, or/and filling in gaps in the Strands using DNA 
polymerase. 

0039 The method comprises within the framework of a 
modular System the Synthesis of Very many individual 
nucleic acid Strands which Serve as building blocks and, as 
a result, a double-Stranded nucleic acid Sequence which can 
be more than 100,000 base pairs in length is generated, for 
example in a microfluidic reaction Support. 
0040. The highly complex synthetic nucleic acid which 
preferably consists of DNA is produced according to the 
method and according to the following principle: first, 
relatively short DNA strands are synthesized in a multiplic 
ity of reaction areas on a reaction Support by in Situ 
Synthesis. This may take place, for example, using the 
supports described in the patent applications DE 19924 
327.1, DE 19940 749.5, PCT/EP99/06316 and PCT/EP99/ 
06317. In this connection, each reaction area is suitable for 
the individual and Specific Synthesis of an individual given 
DNA sequence of approx. 10-100 nucleotides in length. 
These DNA strands form the building blocks for the specific 
synthesis of very long DNA molecules. The fluidic micro 
processor used here may carry reaction SpaceS Specially 
designed for the application. 

0041. The DNA synthesis itself is thus carried out by 
following the automated Solid phase synthesis but with Some 
novel aspects: the “Solid phase' in this case is an individual 
reaction area on the Surface of the Support, for example the 
wall of the reaction Space, i.e. it is not particles introduced 
into the reaction Space as is the case in a conventional 
Synthesizer. Integration of the Synthesis in a microfluidic 
reaction Support (e.g. a structure with optionally branched 
channels and reaction spaces) makes it possible to introduce 
the reagents and other components Such as enzymes. 
0042. After synthesis, the synthesized building blocks are 
detached from Said reaction areas. This detachment proceSS 
may be carried out location- or/and time-Specifically for 
individual, several or all DNA strands. 

0043. In a preferred variant of the method it is provided 
for a plurality of reaction areas to be established and utilized 
within a fluidic space or compartment so that the DNA 
Strands Synthesized therein can be detached in one operation 
Step and taken away from the compartment which fluidically 
connects the reaction areas. 

0044 Subsequently, suitable combinations of the 
detached DNA strands are formed. Single-stranded or/and 
double-stranded building blocks are then assembled, for 
example, within a reaction Space which may comprise one 
or more reaction areas for the Synthesis. Expediently, the 
Sequence of the individual building blockS is chosen Such 
that, when bringing the individual building blockS into 
contact with one another, regions complementary to one 
another are available at the two ends brought together, in 
order to make possible specific attachment of further DNA 
Strands by hybridizing Said regions. As a result, longer DNA 
hybrids are formed. The phosphorus diester backbone of 
these DNA hybrids may be covalently closed, for example 
by ligases, and possible gaps in the double Strand may be 
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filled in in a known manner enzymatically by means of 
polymerases. Single-Stranded regions which may be present 
may be filled in by enzymes (e.g. Klenow fragment) with the 
addition of suitable nucleotides. Thus longer DNA mol 
ecules are formed. By bringing together clusters of DNA 
Strands Synthesized in this way within reaction Spaces it is in 
turn possible to generate longer part Sequences of the final 
DNA molecule. This may be done in Stages, and the part 
Sequences are put together to give ever longer DNA mol 
ecules. In this way it is possible to generate very long DNA 
Sequences as completely Synthetic molecules of more than 
100,000 base pairs in length. 

004.5 The amount of individual building blocks which is 
required for a long synthetic DNA molecule is dealt with in 
the reaction Support by parallel Synthesis of the building 
blocks in a location- or/and time-resolved Synthesis process. 
In the preferred embodiment, this parallel Synthesis is car 
ried out by light-dependent location- or/and time-resolved 
DNA synthesis in a fluidic microprocessor which is also 
described in the patent applications DE 199 24 327.1, DE 
199 40 749.5, PCT/EP99/06316 and PCT/EP99/06317. 

0046) The miniaturized reaction support here causes a 
reduction in the amount of Starting Substances by at least a 
factor of 1000 compared with a conventional DNA synthe 
sizer. At the Same time, an extremely high number of nucleic 
acid double Strands of defined Sequence is produced. Only in 
this way is it possible to generate a very large variety of 
individual building blocks, which is required for the syn 
thesis of long DNA molecules, by using an economically 
Sensible amount of resources. The Synthesis of a Sequence of 
100,000 base pairs, composed of overlapping building 
blocks of 20 nucleotides in length, requires 10,000 indi 
vidual building blocks. This can be achieved using appro 
priately miniaturized equipment in a highly parallel Synthe 
sis process. 

0047 For efficient processing of genetic molecules and 
Systematic inclusion of all possible variants it is necessary to 
produce the individual building block Sequences in a flexible 
and economic way. This is achieved by the method prefer 
ably by using a programmable light Source matrix for the 
light-dependent location- or/and time-resolved in Situ Syn 
thesis of the DNA strands, which in turn can be used as 
building blocks for the synthesis of longer DNA strands. 
This flexible synthesis allows free programming of the 
individual building block Sequences and thus also generation 
of any variants of the part Sequences or the final Sequence, 
without the need for Substantial modifications of system 
components (hardware). This programmed Synthesis of the 
building blocks and thus the final Synthesis products makes 
it possible to Systematically process the variety of genetic 
elements. At the same time, the use of computer-controlled 
programmable Synthesis allows automation of the entire 
proceSS including communication with appropriate data 
bases. 

0.048. With a given target sequence, the sequence of the 
individual building blocks can be Selected efficiently, taking 
into account biochemical and functional parameters. After 
putting in the target Sequence (e.g. from a database), an 
algorithm makes out Suitable overlapping regions. Depend 
ing on the task, different amounts of target Sequences can be 
produced, either within one reaction Support or Spread over 
a plurality of reaction Supports. The hybridization conditions 
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for formation of the hybrids, Such as, for example, tempera 
ture, Salt concentrations, etc., are adjusted to the available 
overlap regions by an appropriate algorithm. Thus, maxi 
mum attachment Specificity is ensured. In a fully automatic 
version, it is also possible to take target Sequence data 
directly from public or private databases and convert them 
into appropriate target Sequences. The products generated 
may in turn be introduced optionally into appropriately 
automated processes, for example into cloning in Suitable 
target cells. 
0049 Synthesis in stages by synthesizing the individual 
DNA Strands in reaction areas within enclosed reaction 
Spaces also allows the Synthesis of difficult Sequences, for 
example those with internal repeats of Sequence Sections, 
which occur, for example, in retroviruses and corresponding 
retroviral vectors. The controlled detachment of building 
blocks within the fluidic reaction Spaces makes a Synthesis 
of any Sequence possible, without problems being generated 
by assigning the Overlapping regions on the individual 
building blocks. 
0050. The high quality requirements necessary for syn 
thesizing very long DNA molecules can be met inter alia by 
using real-time quality control. This comprises monitoring 
the location-resolved building block Synthesis, likewise 
detachment and assembly up to production of the final 
Sequence. Then all processes take place in a transparent 
reaction Support. In addition, the possibility to follow reac 
tions and fluidic processes in transmitted light mode, for 
example by CCD detection, is created. 
0051. The miniaturized reaction support is preferably 
designed Such that a detachment process is possible in the 
individual reaction Spaces and thus the DNA Strands Syn 
thesized on the reaction areas located within these reaction 
Spaces are detached individually or in clusters. In a Suitable 
embodiment of the reaction Support it is possible to 
assemble the building blocks in reaction Spaces in a process 
in Stages and also to remove building blocks, part Sequences 
or the final product or else to Sort or fractionate the mol 
ecules. 

0052 The target sequence, after its completion, may be 
introduced as integrated genetic element into cells by trans 
fer and thereby be cloned and studied in functional studies. 
Another possibility is to firstly further purify or analyze the 
Synthesis product, a possible example of Said analysis being 
Sequencing. The Sequencing process may also be initiated by 
direct coupling using an appropriate apparatus, for example 
using a device described in the patent applications DE 199 
24 327.1, DE 199 40 749.5, PCT/EP99/06316 and PCT/ 
EP99/06317 for the integrated synthesis and analysis of 
polymers. It is likewise conceivable to isolate and analyze 
the generated target Sequences after cloning. 
0053) The method of the invention provides via the 
integrated genetic elements generated therewith a tool 
which, for the further development of molecular biology, 
includes biological variety in a Systematic process. The 
generation of DNA molecules with desired genetic informa 
tion is thus no longer the bottleneck of molecular biological 
work, Since all molecules, from Small plasmids via complex 
vectors to mini chromosomes, can be generated Syntheti 
cally and are available for further work. 
0054 The production method allows generation of 
numerous different nucleic acids and thus a Systematic 
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approach for questions concerning regulatory elements, 
DNA binding Sites for regulators, Signal cascades, receptors, 
effect and interactions of growth factors, etc. 
0.055 The integration of genetic elements into a fully 
Synthetic complete nucleic acid makes it possible to further 
utilize known genetic tools Such as plasmids and vectors and 
thus to build on the relevant experience. On the other hand, 
this experience will change rapidly as a result of the intended 
optimization of available vectors, etc. The mechanisms 
which, for example, make a plasmid Suitable for propagation 
in a particular cell type can be Studied efficiently for the first 
time on the basis of the method of the invention. 

0056. This efficient study of large numbers of variants 
makes it possible to detect the entire combination Space of 
genetic elements. Thus, in addition to the at the moment 
rapidly developing highly parallel analysis (inter alia on 
DNA arrays or DNA chips), the programmed synthesis of 
integrated genetic elements is created as a Second important 
element. Only both elements together can form the founda 
tion of an efficient molecular biology. 
0057 The programmed synthesis of appropriate DNA 
molecules makes possible not only random composition of 
the coding Sequences and functional elements but also 
adaptation of the intermediate regions. This may rapidly lead 
to minimal vectors and minimal genomes, whose Small size 
in turn generates advantages. As a result, transfer vehicles 
Such as, for example, Viral vectors can be made more 
efficient, for example when using retroviral or adenoviral 
VectOrS. 

0.058. In addition to the combination of known genetic 
Sequences, it is possible to develop novel genetic elements 
which can build on the function of available elements. 
Especially for such developmental work, the flexibility of 
the System is of enormous value. 
0059. The synthetic DNA molecules are in each stage of 
the development of the method described here fully com 
patible with the available recombination technology. For 
“traditional” molecular biological applications it is also 
possible to provide integrated genetic elements, for example 
by appropriate vectors. Incorporation of appropriate cleav 
age Sites even of enzymes little used So far is not a limiting 
factor for integrated genetic elements. 
0060) 
0061 This method makes it possible to integrate all 
desired functional elements as “genetic modules' Such as, 
for example, genes, parts of genes, regulatory elements, Viral 
packaging Signals, etc. into the Synthesized nucleic acid 
molecule as carrier of genetic information. This integration 
leads to inter alia the following advantages: 
0.062. It is possible to develop therewith extremely func 
tionally integrated DNA molecules, unnecessary DNA 
regions being removed (minimal genes, minimal genomes). 

Improvements in Comparison with Prior Art 

0.063. The free combination of the genetic elements and 
also modifications of the Sequence Such as, for example, for 
adaptation to the expressing organism or cell type (codon 
usage) are made possible as well as modifications of the 
Sequence for optimizing functional genetic parameterS Such 
as, for example, gene regulation. 
0064.) Modifications of the sequence for optimizing func 
tional parameters of the transcript, for example splicing, 
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regulation at the mRNA level, regulation at the translation 
level, and, moreover, the optimization of functional param 
eters of the gene product, Such as, for example, the amino 
acid sequence (e.g. antibodies, growth factors, receptors, 
channels, pores, transporters, etc.) are likewise made pos 
sible. 

0065. On the whole, the system created by the method is 
extremely flexible and allows in a manner previously not 
available the programmed production of genetic material 
under greatly reduced amounts of time, materials and work 
needed. 

0066. Using the available methods, it has been almost 
impossible to specifically manipulate relatively large DNA 
molecules of Several hundred kbp, Such as chromosomes for 
example. Even more complex (i.e. larger) viral genomes of 
more than 30 kbp (e.g. adenoviruses) are difficult to handle 
and to manipulate using the classical methods of gene 
technology. 
0067. The method of the invention leads to a considerable 
Shortening up to the last Stage of cloning a gene: the gene or 
the genes are Synthesized as DNA molecule and then (after 
Suitable preparation Such as purification, etc.) introduced 
directly into target cells and the result is Studied. The 
multi-stage cloning proceSS which is mostly carried out in 
microorganisms Such as E. coli (e.g. DNA isolation, purifi 
cation, analysis, recombination, cloning in bacteria, isola 
tion, analysis, etc.) is thus reduced to the last transfer of the 
DNA molecule into the final effector cells. For synthetically 
produced genes or gene fragments clonal propagation in an 
intermediate host (usually E. coli) is no longer required. This 
avoids the danger of the gene product destined for the target 
cell exerting a toxic action on the intermediate host. This is 
distinctly different from the toxicity of Some gene products, 
which, when using classical plasmid vectors, frequently 
leads to considerable problems for cloning of the appropriate 
nucleic acid fragments. 
0068 Another considerable improvement is the reduction 
in time and the reduction in operational Steps to after the 
Sequencing of genetic material, with potential genes found 
being verified as Such and cloned. Normally, after finding 
interesting patterns, which are possible open reading frames 
(ORF), probes are used (e.g. by means of PCR) to search in 
CDNA libraries for appropriate clones which, however, need 
not contain the whole Sequence of the mRNA originally used 
in their production. In other methods, an expression gene 
library is searched by means of an antibody (Screening). 
Both methods can be shortened very substantially using the 
method of the invention: if a gene Sequence determined "in 
Silico' is present (i.e. after detection of an appropriate 
pattern in a DNA sequence by the computer) or after 
decoding a protein Sequence, an appropriate vector with the 
Sequence or variants thereof can be generated directly via 
programmed Synthesis of an integrated genetic element and 
introduced into Suitable target cells. 
0069. The synthesis taking place in this way of DNA 
molecules of up to several 100 kbp allows the direct com 
plete Synthesis of Viral genomes, for example adenoviruses. 
These are an important tool in basic research (inter alia gene 
therapy) but, due to the size of their genome (approx. 40 
kbp), are difficult to handle using classical genetic engineer 
ing methods. As a result, the rapid and economic generation 
of variants for optimization in particular is greatly limited. 
This limitation is removed by the method of the invention. 
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0070 The method leads to integration of the synthesis, 
detachment of synthesis products and assembly to a DNA 
molecule being carried out in one System. Using production 
methods of microSystem technology, it is possible to inte 
grate all necessary functions and proceSS StepS up to the 
purification of the final product in a miniaturized reaction 
Support. These may be Synthesis areas, detachment areas 
(clusters), reaction spaces, feeding channels, valves, pumps, 
concentrators, fractionation areas, etc. 
0071 Plasmids and expression vectors may be prepared 
directly for Sequenced proteins or corresponding part 
Sequences and the products may be analyzed biochemically 
and functionally, for example by using Suitable regulatory 
elements. This omits the Search for clones in a gene library. 
Correspondingly, ORFs from Sequencing work (e.g. Human 
Genome Project) can be programmed directly into appro 
priate vectors and be combined with desired genetic ele 
ments. An identification of clones, for example by compli 
cated screening of cDNA libraries, is removed. Thus, the 
flow of information from Sequence analysis to function 
analysis has been greatly reduced, because on the same day 
on which an ORF is present in the computer due to analysis 
of primary data, an appropriate vector including the putative 
gene can be Synthesized and made available. 
0.072 Compared with conventional solid-phase synthesis 
for obtaining synthetic DNA, the method according to the 
invention is distinguished by a Small amount of material 
needed. In order to produce thousands of different building 
blocks for generating a complex integrated genetic element 
of several 100,000 kbp in length, in an appropriately paral 
lelized format and with appropriate miniaturization (See 
exemplary embodiments), a microfluidic System needs 
markedly fewer starting substances for an individual DNA 
oligomer than a conventional Solid-phase Synthesis appara 
tus (when using a single column). Here, microliters compare 
with the consumption of milliliters, i.e. a factor of 1000. 
0.073 Taking into account the newest findings in immu 
nology, the presented method allows an extremely efficient 
and rapid vaccine design (DNA vaccines). 
0074) Exemplary Embodiments 
0075 To carry out the method, the present invention 
requires the provision of a large number of nucleic acid 
molecules, usually DNA, whose Sequence can be freely 
determined. These building blocks must have virtually 
100% identical sequences within one building block species 
(analogously to the Synthesis performance of conventional 
Synthesizers). Only highly parallel Synthesis methods are 
Suitable for generating the required variance. In order for the 
System to be able to work flexibly and, despite the necessary 
multiplicity of different building blocks to be synthesized, to 
require as little Space and as few reagents as possible, the 
method is preferably carried out in a microfluidic System 
within which the individual Sequences are produced in a 
determinable form. Two types of programmed Synthesis are 
suitable for systems of this kind, which are also described in 
the patent applications DE 199 24327.1, DE 199 40 749.5, 
PCT/EP99/06316 and PCT/EP99/06317: these are first the 
Synthesis by programmable fluidic individualization of the 
reaction areas and, Secondly, the Synthesis by programmable 
light-dependent individualization of the reaction areas. 
0.076. In both variants, synthesis is carried out in a 
microfluidic reaction Support. The design of this reaction 
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Support may provide in the System for the bringing together 
in Stages the detached Synthesis products, i.e. building 
blocks, by collecting the nucleic acid Strands, after detaching 
them, in appropriate reaction areas and the assembly taking 
place there. Groups of Such assembly areas may then for 
their part be brought into contact again with one another So 
that during the course of a more or less long cascade the final 
Synthesis products are produced: genetic information carri 
ers in the form of DNA molecules. The following variants 
are Suitable here: 

0077. Either synthesis, detachment and assembly are 
carried out chronologically but Spatially integrated in a 
microfluidic reaction Support or Synthesis, detachment and 
assembly are carried out partially in parallel in one or more 
microfluidic reaction Supports. It is furthermore possible that 
the microfluidic reaction Support contains only reaction 
areas for the programmed Synthesis and that Subsequently 
detachment and elution into a reaction vessel for the assem 
bly are carried out. 
0078. In the case of very large DNA molecules, synthesis, 
detachment and assembly can be Supplemented by conden 
sation Strategies which prevent break-up of the molecules. 
This includes, for example, the use of histones (nuclear 
proteins which make condensation of the chromosomes in 
the nucleus possible in eukaryotes), the use of topoi 
Somerases (enzymes for twisting DNA in eukaryotes and 
prokaryotes) or the addition of other DNA-binding, stabi 
lizing and condensing agents or proteins. Depending on the 
design of the reaction Support, this may take place by 
integrating the condensation reaction in another reaction 
chamber provided therefor or by addition during the com 
bination and assembly in Stages of the building blockS. 
0079 The free choice of sequence is of essential impor 
tance for the controlled and efficient building block assem 
bly in Stages to the final product. For the choice of over 
lapping complementary ends influences the Specificity of the 
assembly and the overall biochemical conditions (salt con 
centration, temperature, etc.). When providing a sequence 
for the gene of interest and after automatic or manual 
Selection of the other genetic elements (regulatory regions, 
resistance genes for cloning, propagation signals, etc.) for 
determination of the final product (e.g. a plasmid vector), the 
provided Sequence is fragmented into Suitable building 
blocks which are then synthesized in the required number of 
reaction Supports. The fragments or their overlap regions to 
be hybridized are chosen such that the conditions for hybrid 
izing are as Similar as possible (inter alia GC: AT ratio, 
melting points, etc.). 
0080 Further extension of the system provides for ele 
ments for purification and isolation of the product forming, 
which are likewise designed by microfluidics or microSys 
tem technology. Said elements may be, for example, meth 
ods in which the final double-stranded DNA after its syn 
thesis using fluorescent Synthons must have a particular total 
fluorescence. When using proteins with condensing action, 
these proteins, where appropriate, may also carry a fluores 
cent label which is preferably detectable separately (refer 
ence Signal). It is then possible to Sort the mixture of final 
reaction product in the reaction Support Structures according 
to fluorescence (see Chou et al., Proceedings of the National 
Academy of Science PNAS 96:11-13, 1999). Thus a suffi 
cient quality is achieved in order to directly provide a 
product for further work. 
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0.081 Information from sequencing projects, which is 
present in databases, may be Studied for genes fully auto 
matically (computer-assisted). Identified or putative genes 
(ORFs) are converted into completely synthetic DNA which 
may contain, where appropriate, regulatory and other 
genetic elements which seem Suitable, So that, for example, 
one or more vectors are generated. The product is either 
made available (e.g. as pure DNA) or directly introduced to 
functional Studies, inter alia by transfer into Suitable target 
cells. The information may come from public databases, 
from work of decentralized users or from other Sources, for 
example the method described in the patent applications DE 
199 24 327.1 and DE 1994O 749.5. 

0082 It may be of interest that a variance of randomized 
Sequence occurs at a particular Site or Sites of the target 
Sequence. An example is the testing of variants of a binding 
Site into which, for example over an area of 20 amino acids, 
i.e. 60 nucleotides, random variations of nucleotides were 
incorporated. This may take place in an embodiment in that 
during the Synthesis process, after activating a reaction area, 
a mixture of Synthons is added So that all added Synthons can 
hybridize in a Statistically distributed manner. A modifica 
tion of this process may provide for DNA building blocks of 
different length to be used at a particular position of the 
target Sequence, for example by producing different building 
blocks on different reaction areas, which show the same 
Sequence for overlapping and hybridization. 

What is claimed is: 
1. Method for Synthesizing polymers, 
characterized in that 

a plurality of oligomeric building blockS is Synthesized 
on a Support by parallel Synthesis Steps, is detached 
from the Support and is brought into contact with one 
another to Synthesize the polymer. 

2. Method according to claim 1, 
characterized in that 

double-stranded nucleic acid polymers of at least 300 
bp, in particular at least 1000 bp in length are 
Synthesized. 

3. Method according to claim 1, 
characterized in that 

nucleic acid polymerS Selected from the group consist 
ing of genes, gene clusters, chromosomes, Viral and 
bacterial genomes or Sections thereof are Synthe 
sized. 

4. Method according to claim 1, 
characterized in that 

the oligomeric building blocks are from 5 to 150, 
preferably 5 to 30 monomer units in length. 

5. Method according to claim 1, 
characterized in that 

in Successive Steps in each case partially complemen 
tary oligonucleotide building blocks are detached 
from the Support and are brought into contact with 
one another or with the polymer intermediate under 
hybridization conditions. 
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6. Method according to claim 1 for producing Synthetic 
nucleic acid double Strands of optional Sequence, compris 
ing the Steps: 

(a) provision of a Support having a Surface area which 
contains a plurality of individual reaction areas, 

(b) location-resolved Synthesis of nucleic acid fragments 
having in each case different base Sequences in Several 
of the individual reaction areas, and 

(c) detachment of the nucleic acid fragments from indi 
vidual reaction areas. 

7. Method according to claim 6, 
characterized in that 

the base Sequences of the nucleic acid fragments Syn 
thesized in individual reaction areas are chosen Such 
that they can assemble to form a nucleic acid double 
strand hybrid. 

8. Method according to claim 6, 
characterized in that 

the nucleic acid fragments according to Step (c) are 
detached in one or more Steps under conditions Such 
that a plurality of the detached nucleic acid frag 
ments assemble to form a nucleic acid double Strand 
hybrid. 

9. Method according to claim 8, 
characterized in that 

Several nucleic acid fragments which form one Strand 
of the nucleic acid double strand hybrid are linked 
covalently to one another. 

10. Method according to claim 9, 
characterized in that 

the covalent linking includes treatment with ligase 
or/and filling in gaps in the Strands using DNA 
polymerase. 

11. Method according to claim 6, 
characterized in that 

the Sequence comprises at one or more positions rec 
ognition Sequences for Specific interaction with mol 
ecules Such as proteins, nucleic acids, peptides, 
pharmaceuticals, Saccharides, lipids, hormones, 
or/and organic compounds. 

12. Method according to claim 6, 
characterized in that 

the Sequence of the nucleic acid double Strands is a 
naturally occurring Sequence, a not naturally occur 
ring Sequence or a combination of these two. 

13. Method according to claim 6, 
characterized in that 

the Sequence is taken from a database, a Sequencing 
experiment or a device for the integrated Synthesis 
and analysis of polymers. 

14. Method according to claim 1, 
characterized in that 

the oligomeric building blocks are Synthesized by loca 
tion- or/and time-resolved illumination by means of 
a programmable light Source matrix. 
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15. Method according to claim 1, 
characterized in that 

a location- or/and time-resolved Synthesis of the oli 
gomeric building blockS takes place in a microfluidic 
reaction Support having one or more fluidic reaction 
compartments and one or more reaction areas within 
a fluidic reaction compartment. 

16. Method according to claim 1, 
characterized in that 

the Synthesis building blocks contain nucleotides 
occurring in nature, modified nucleotides or mixtures 
thereof. 

17. Method according to claim 1, 
characterized in that 

modified synthesis building blocks are used for label 
ing and Subsequent detection of the assembled 
nucleic acid double Strands. 

18. Method according to claim 17, 
characterized in that 

the labeling groups used are molecules which are to be 
detected in a light-dependent manner. 
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19. Use of a nucleic acid double strand of optional 
Sequence, produced according to the method according to 
claim 1, for therapeutic or pharmacological purposes. 

20. Use of a nucleic acid double strand of optional 
Sequence, produced according to the method according to 
claim 1, for diagnostic purposes. 

21. Use according to claim 19, comprising direct appli 
cation to the intended purpose. 

22. Use according to claim 19, comprising a conversion in 
effector cells. 

23. Use of a nucleic acid double strand of optional 
Sequence, produced according to the method according to 
claim 1, where Said nucleic acid double Strand is Stabilized, 
condensed or/and topologically manipulated during or fol 
lowing the combination and assembly in Stages. 

24. Use according to claim 23, where Stabilization, con 
densation or/and topological manipulation is carried out by 
functional molecules Such as histones or topoisomerases. 

25. Use of a nucleic acid of claim 1 as a propagatable 
cloning vector, where the propagatable cloning vector may 
Serve for transcription, eXpression of the transcribed 
Sequence, and, where appropriate, production of expressed 
gene products in Suitable target cells. 
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